SELF-ALIGNED BURIED CONTACT PAIR AND 
METHOD OF FORMING THE SAME 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to self-aligned contacts and a method of 

forming the same. More particularly, the present invention relates to a self- 
aligned buried contact pair and a method of forming the same. 

2. Description of the Related Art 

[0002] Recently, a trend toward smaller design rules for semiconductor 

devices, such as gigabit dynamic random access memory (DRAM) devices, 
has advanced to such an extent that it is highly difficult to secure an 
alignment margin when aligning a buried contact with a bit line 
semiconductor layer or an interconnect layer underlying the buried contact. 
A misalignment of the buried contact and bit line causes a fail of the contact 
resistance. 

[0003] Further, as a design rule decreases, a conventional lithography 

method is no longer acceptable. Specifically, when a design rule is greater 
than 0.1 1 /vm, conventional lithography using a KrF light source having a 
wavelength of 248 nm is acceptable. When a design rule is less than 
0.1 1 //m, however, lithography using an ArF light source having a 
wavelength of 193 nm must be used. Thus, as the design rule deceases, 
the wavelength of the light source used in the lithography process must 
decrease. 

[0004] Significant differences exist between KrF and ArF lithography. For 

example, because the two different lithographic processes use different light 
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sources, different photoresists must be used. The ArF lithography process 
requires a more sensitive photoresist that has a poor etching immunity. 
Accordingly, more ArF photoresist is consumed during an etching process 
and thus, an initial thickness of the ArF photoresist must be greater than 
what is used in connection with a KrF lithography. Resultantly, having to use 
ArF lithography is a costly consequence of the reduction of the design rule. 

SUMMARY OF THE INVENTION 

[0005] In an effort to overcome at least some of the problems described 

above, the present invention provides a self-aligned buried contact pair and 
a method of forming the same. 

[0006] It is a feature of an embodiment of the present invention to provide a 

self-aligned buried contact pair, including a substrate having a plurality of 
diffusion regions, an oxide layer formed on the substrate, wherein the oxide 
layer exposes a pair of the plurality of diffusion regions in the substrate, a 
plurality of bit lines formed on the oxide layer, each of the plurality of bit lines 
being formed between adjacent diffusion regions in the substrate and each 
of the plurality of bit lines having bit line sidewall spacers formed on 
sidewalls thereof, a first interlayer dielectric (ILD) layer formed over the 
plurality of bit lines and the oxide layer, a pair of buried contact pads formed 
between adjacent bit lines and within the first ILD layer, each of the pair of 
buried contact pads being aligned with one of the pair of exposed diffusion 
regions in the substrate, and a pair of capacitors, each of the pair of buried 
contact pads having one of the pair of capacitors formed thereon, wherein a 
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pair of the bit line sidewall spacers is adjacent to each of the buried contact 
pads and the pair of bit line sidewall spacers has an asymmetrical shape. 

[0007] Preferably, each bit line includes a bit line barrier metal formed on the 

oxide layer, a WSi layer formed on the bit line barrier metal, and a bit line 
mask formed on the WSi layer. Also preferably, the pair of buried contact 
pads is formed of polysilicon or tungsten (W). 

[0008] It is another feature of an embodiment of the present invention to 

provide a method of forming a self-aligned buried contact pair including 
depositing an oxide layer on a substrate having diffusion regions, forming a 
plurality of bit lines having bit line sidewall spacers on the oxide layer, 
forming a first interlayer dielectric (ILD) layer on the oxide layer, the plurality 
of bit lines and bit line sidewall spacers, etching the first ILD layer and the 
oxide layer to expose a pair of adjacent diffusion regions in the substrate 
simultaneously, forming a pair of buried contact pads on the exposed pair of 
adjacent diffusion regions in the substrate, and forming a capacitor on each 
of the pair of buried contact pads. 

[0009] The oxide layer may be formed using a thermal oxidation process. 

The first ILD layer may be formed using a chemical vapor deposition (CVD) 
process. 

[0010] The method may additional include planarizing the first ILD layer after 

depositing the first ILD layer. This planarizing may be performed using a 
chemical mechanical polishing (CMP) process. 

[001 1] Forming the pair of buried contact pads may include depositing a pad 

layer on the pair of exposed diffusion regions, and planarizing the pad layer 
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and the first ILD layer to expose the plurality of bit lines. The pad layer may 
be deposited using a CVD process. Planarizing the pad layer and the first 
ILD layer may be performed using a CMP process. 
[0012] It is a further feature of an embodiment of the present invention to 

provide a self-aligned buried contact pair including a substrate having a 
plurality of diffusion regions, a first interlayer dielectric (ILD) layer formed on 
the substrate, a plurality of first direct contact pads and first buried contact 
pads formed on the substrate within the first ILD layer, each one of the 
plurality of first direct contact pads and first buried contact pads being 
aligned with one of the plurality of diffusion regions, a second ILD layer 
formed on the plurality of first direct contact pads, first buried contact pads, 
and the first ILD layer, a plurality of second direct contact pads formed within 
the second ILD layer, each of the plurality of second direct contact pads 
being aligned with one of the first direct contact pads, a plurality of bit lines 
formed on the second ILD layer, each of the plurality of second direct contact 
pads having one of the plurality of bit lines formed thereon, and each of the 
plurality of bit lines having bit line sidewall spacers formed on sidewalls 
thereof, a third ILD layer formed on the second ILD layer and the plurality of 
bit lines, a plurality of second buried contact pads formed within the third ILD 
layer, each of the plurality of second buried contact pads being aligned with 
one of the first buried contact pads, and a plurality of capacitors, each of the 
plurality of second buried contact pads having one of the plurality of 
capacitors formed thereon, wherein a pair of the plurality of bit line sidewall 
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spacers is adjacent to each of the second buried contact pads and the pair 
of bit line sidewall spacers has an asymmetrical shape. 

[001 3] The pair of second direct contact pads is formed of polysilicon or a 

metal, such as tungsten (W). The pair of second buried contact pads is 
formed of polysilicon or tungsten (W). 

[0014] Each bit line preferably includes a bit line barrier metal formed on the 

second ILD layer, a WSi layer formed on the bit line barrier metal, and a bit 
line mask formed on the WSi layer. 

[001 5] It is still another feature of an embodiment of the present invention to 

provide a method of forming a self-aligned buried contact pair including 
depositing a first interlayer dielectric (ILD) layer on a substrate having 
diffusion regions, forming first direct contact pads and first buried contact 
pads in the first ILD layer, each one of the first direct contact pads and first 
buried contact pads being aligned over one of the diffusion regions of the 
substrate, forming a second ILD layer on the first ILD layer, the direct contact 
pads and the first buried contact pads, forming second direct contact pads in 
the second ILD layer, each one of the second direct contact pads being 
aligned over one of the first direct contact pads, forming a plurality of bit lines 
including bit line sidewall spacers on the second ILD layer, forming a third 
ILD layer on the second ILD layer, the plurality of bit lines and bit line 
sidewall spacers, etching the third ILD layer and the second ILD layer to 
expose a pair of adjacent first buried contact pads simultaneously, forming 
second buried contact pads on the exposed pair of adjacent first buried 
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contact pads, and forming a capacitor on each of the second buried contact 
pads. 

[0016] Any of the first, second, or third ILD layers may be formed using a 

CVD process. 

[0017] Forming the first buried contact pads and first direct contact pads may 

include patterning the first ILD layer, etching the first ILD layer, depositing a 
first pad layer over the etched first ILD layer, and planarizing the first buried 
contact pads, the first direct contact pads, and the first ILD layer. 

[001 8] Planarizing the first buried contact pads, the first direct contact pads, 

and the first ILD layer may be performed using either a CMP or an etch-back 
process. 

[0019] Forming the second direct contact pads may include etching the 

second ILD layer, depositing a conductive layer over the etched second ILD 
layer, and planarizing the conductive layer to expose the second ILD layer so 
that the conductive layer material only remains in the etched portion of the 
second ILD layer. Preferably, the conductive layer is deposited using a CVD 
process and is planarized using a CMP process. 

[0020] Each of the plurality of bit lines may include a bit line barrier metal 

formed on the second ILD layer, a WSi layer formed on the bit line barrier 
metal, and a bit line mask formed on the WSi layer. 

[0021] The method may further include planarizing the third ILD layer after 

depositing the third ILD layer. Preferably, the third ILD layer is planarized 
using a CMP process. 
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[0022] Forming the second buried contact pads may include depositing a 

third pad layer on the exposed pair of adjacent first buried contact pads, and 
planarizing the third pad layer and the third ILD layer to expose the plurality 
of bit lines. Preferably, the third pad layer is deposited using a CVD process 
and is planarized using a CMP process. 

[0023] It is still yet another feature of an embodiment of the present invention 

to provide a self-aligned buried contact pair including a substrate having a 
pair of diffusion regions, a first interlayer dielectric (ILD) layer formed on the 
substrate, a pair of first buried contact pads formed on the substrate within 
the first ILD layer, each one of the pair of first buried contact pads being 
aligned with one of the pair of diffusion regions, a second ILD layer formed 
on the pair of first buried contact pads and the first ILD layer, a plurality of bit 
lines formed on the second ILD layer, each of the plurality of bit lines having 
bit line sidewall spacers formed on sidewalls thereof, a third ILD layer formed 
on the second ILD layer, the plurality of bit lines, and the bit lines sidewall 
spacers, a pair of second buried contact pads, each one of the pair of 
second buried contact pads being formed on one of the first buried contact 
pads and extending through the second and third ILD layers, and a pair of 
capacitors, each of the pair of second buried contact pads having one of the 
pair of capacitors formed thereon, wherein a pair of the plurality of bit line 
sidewall spacers is adjacent to each of the second buried contact pads and 
the pair of bit line sidewall spacers has an asymmetrical shape. 

[0024] Preferably, the pair of second buried contact pads is formed of 

polysilicon or tungsten (W). 
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[0025] Each bit line may include a bit line barrier metal formed on the second 

ILD layer, a WSi layer formed on the bit line barrier metal, and a bit line mask 
formed on the WSi layer. 

[0026] It is a still further feature of an embodiment of the present invention to 

provide a method of forming a self-aligned buried contact pair including 
depositing a first interlayer dielectric (ILD) layer on a substrate having a pair 
of diffusion regions, forming a pair of first buried contact pads in the first ILD 
layer, each one of the pair of first buried contact pads being aligned over one 
of the pair of diffusion regions in the substrate, forming a second ILD layer 
on the first ILD layer and the first buried contact pads, forming a plurality of 
bit lines having bit line sidewall spacers on the second ILD layer, forming a 
third ILD layer on the second ILD layer, the plurality of bit lines and bit line 
sidewall spacers, etching the third ILD layer and the second ILD layer to 
expose the pair of first buried contact pads simultaneously, forming second 
buried contact pads on the exposed pair of adjacent first buried contact 
pads, and forming a capacitor on each of the second buried contact pads. 

[0027] Any of the first, second, or third ILD layers may be formed using a 

CVD process. 

[0028] The method may further include planarizing the third ILD layer after 

depositing the third ILD layer. Preferably, the third ILD layer is planarized 
using a CMP process. 

[0029] Forming the first buried contact pads may include patterning the first 

ILD layer, etching the first ILD layer, depositing a first pad layer over the first 
ILD layer, and planarizing the first pad layer to expose the first ILD layer so 
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that the first pad layer only remains in the etched portion of the first ILD 
layer. 

[0030] The first pad layer may be planarized using a CMP process or an 

etch-back process. 

[0031] Forming the second BC pads may include depositing a second pad 

layer on the exposed pair of adjacent first buried contact pads, and 
planarizing the second pad layer and the third ILD layer to expose the 
plurality of bit lines. 

[0032] The second pad layer may be deposited using a CVD process and 

may be planarized using a CMP process. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] The above and other features and advantages of the present 

invention will become more apparent to those of ordinary skill in the art by 

describing in detail preferred embodiments thereof with reference to the 

attached drawings in which: 
[0034] FIG. 1 illustrates a plan view of a cell layout of a DRAM device 

according to the various embodiments of the present invention; 
[0035] FIGS. 2A through 2F illustrate cross-sectional views, taken along 

line l-r of FIG. 1, for explaining stages in a method of forming a self-aligned 

buried contact pair according to a preferred first embodiment of the present 

invention; 

[0036] FIGS. 3A through 3E illustrate cross-sectional views, taken along 

line l-r of FIG. 1, for explaining stages in a method of forming a self-aligned 
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buried contact pair according to a second embodiment of the present 
invention; and 

[0037] FIGS. 4A through 4F illustrate cross-sectional views, taken along 

line l-l' of FIG. 1, of stages in a method of forming a self-aligned buried 
contact pair according to a third embodiment of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0038] The present invention will now be described more fully hereinafter 

with reference to the accompanying drawings, in which preferred and 
alternate embodiments of the invention are shown. The invention may, 
however, be embodied in different forms and should not be construed as 
limited to the embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure will be thorough and complete, and will fully 
convey the scope of the invention to those skilled in the art. In the drawings, 
the thickness of layers and regions are exaggerated for clarity. It will also be 
understood that when a layer is referred to as being "on" another layer or 
substrate, it can be directly on the other layer or substrate, or intervening 
layers may also be present. Like reference numerals and characters refer to 
like elements throughout. 

[0039] FIG. 1 illustrates a plan view of a cell layout of a DRAM device 

according to the various embodiments of the present invention. 

[0040] Referring to FIG. 1 , a plurality of bit lines 1 1 0 are formed over a 

plurality of perpendicular word lines 120. A plurality of diagonal active areas 
130 (or diagonal active cells) is formed to encompass a plurality of direct 
contact self-aligned contacts (SAC) 140, which are formed between adjacent 
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word lines. According to the various embodiments of the present invention, 
two adjacent buried contact self-aligned contacts are exposed within a single 
pattern opening 150 within a photoresist pattern. 
Preferred First Embodiment 
[0041] FIGS. 2A through 2F illustrate cross-sectional views, taken along line 

l-l' of FIG. 1 , for explaining stages in a method of forming a self-aligned 
buried contact pair according to a preferred first embodiment of the present 
invention. 

[0042] Referring to FIG. 2A, a substrate 200 includes a plurality of diffusion 

regions 211 and 212, i.e., source/drain regions. The diffusion regions 211 
and 212 may be formed by ion implantation process. A first interlayer 
dielectric (ILD) layer 210 is formed over the substrate 200 and the diffusion 
regions 211 and 212. The first ILD layer 210 may be formed using a 
chemical vapor deposition (CVD) process. 

[0043] The first ILD layer 210 is patterned and etched and then a first pad 

layer is deposited over the first ILD layer 210 to form a pair of first buried 
contact pads 221 and a pair of first direct contact pads 222 over the 
substrate 200 and the diffusion regions 211 and 212. Each one of the pair of 
first buried contact pads 221 and first direct contact pads 222 is aligned with 
one of the diffusions regions 211 and 212, respectively. The first pad layer 
may be a polysilicon layer and may be formed using a CVD process. The 
first buried contact pads 221 , the first direct contact pads 222, and the first 
ILD layer 210 are then planarized using a chemical mechanical polishing 
(CMP) process or an etch-back process. A second ILD layer 220 is then 
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formed on the planarized first buried contact pads 221, first direct contact 
pads 222, and first ILD layer 210. The second ILD layer 220 may be formed 
using a CVD process. 

[0044] Referring to FIG. 2B, a pair of second direct contact pads 225 is 

formed in the second ILD layer 220. The second direct contact pads 225 are 
formed by etching the second ILD layer 220, depositing a conductive layer, 
i.e., a second pad layer, over the etched second ILD layer 220, and then 
planarizing the conductive layer to expose the second ILD layer 220 so that 
the conductive layer material only remains in the etched portion of the 
second ILD layer 220, thereby forming the second direct contact pads 225. 
Each of the pair of second direct contact pads 225 is aligned with one of the 
pair of first direct contact pads 222. The conductive layer may be a 
polysilicon layer and may be deposited using a CVD process. The second 
direct contact pads 225 are planarized using a CMP process. 

[0045] Referring to FIG. 2C, a plurality of bit lines 230 is formed on the 

second ILD layer 220. When a buried contact SAC area is formed, as will be 
subsequently described, the plurality of bit lines will include a central bit line 
231 and peripheral bit lines 232. Each of the bit lines 230 includes a bit line 
barrier metal 226, a WSi layer 227, a bit line mask 228, and bit line sidewall 
spacers 229. The bit line barrier metal 226, the WSi layer 227, and the bit 
line mask 228 are sequentially stacked on the second ILD layer 220. The bit 
line sidewall spacers 229 are formed on sidewalls of the stack of the bit line 
barrier metal 226, the WSi layer 227, and the bit line mask 228. Each of the 
second direct contact pads 225 has a bit line 230 formed thereon. A third 
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ILD layer 240 is then formed on the second ILD layer 220, the plurality of bit 
lines 230, and the bit line sidewall spacers 229. The third ILD layer 240 may 
be formed using a CVD process. The third ILD layer 240 is then planarized 
using a CMP process. 

[0046] Referring to FIG. 2D, a photoresist pattern 250 is formed over the 

third ILD layer 240. Using the photoresist pattern 250 as a mask, the third 
ILD layer 240 and the second ILD layer 220 are sequentially etched to 
expose a pair of adjacent first buried contact pads 221 simultaneously, 
thereby forming a buried contact SAC area 260 aligned over a pair of 
adjacent first buried contact pads 221 . The buried contact SAC area 260 
defines the central bit line 231 and peripheral bit lines 232. 

[0047] As a result of the etching process to form the buried contact SAC area 

260, a pair of first shoulders 245 and a pair of second shoulders 246 are 
formed on upper portions of the bit line sidewall spacers 229. The pair of 
first shoulders 245 is separately formed on the peripheral bit lines 232. The 
pair of second shoulders 246 is formed on the central bit line 231 . Thus, 
each of the openings exposing one of the first buried contact pads 221 is 
surrounded by a pair of shoulders. More specifically, each of the openings 
exposing one of the first buried contact pads 221 has one of the first 
shoulders 245 and one of the second shoulders 246 adjacent to the opening. 
As a result of the etching that simultaneously exposes a pair of first buried 
contact pads 221 , the pair of first shoulders 245 and the pair of second 
shoulders 246 have an asymmetrical shape. 
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[0048] Referring to FIG. 2E, the photoresist pattern 250 is removed using a 

photoresist stripping process. To form a pair of second buried contact pads 
252, a third pad layer is deposited on the pair of first buried contact pads 221 
to fill the buried contact SAC area 260. The third pad layer may be a 
polysilicon layer and may be deposited using a CVD process. The third pad 
layer and the third ILD layer 240 are then planarized using a CMP process to 
expose the plurality of bit lines 230, thereby forming a pair of second buried 
contact pads 252. After the planarization process, a height of each of the 
plurality of bit lines 230 is the same, however, a pair of shoulders 247 that 
surrounds each of the second buried contact pads 252 has an asymmetrical 
shape. Preferably, the pair of second direct contact pads 225 is formed of 
polysilicon, although a metal, such as tungsten (W), may also be used. 
Preferably, the pair of second buried contact pads 252 is formed of 
polysilicon, although a metal, such as tungsten (W), may also be used. 

[0049] Referring to FIG. 2F, a capacitor 270 is formed on each of the second 

BC pads 252. Each capacitor includes a first plate 272, a capacitor insulator 
274, and a second plate 277 and may be formed using a conventional 
process. 
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Second Embodiment 

[0050] FIGS. 3A through 3E illustrate cross-sectional views, taken along line 

l-l' of FIG. 1 , for explaining stages in a method of forming a self-aligned 
buried contact pair according to the second embodiment of the present 
invention. 

[0051] Referring to FIG. 3A, a substrate 300 includes a plurality of diffusion 

regions 305, i.e., source/drain regions. The plurality of diffusion regions 305 
is formed using an ion implantation process. An oxide layer 310 is formed 
over the substrate 300 and the diffusion regions 305. The oxide layer 310 is 
preferably formed using a thermal oxidation process. A plurality of bit lines 
330 is then formed on the oxide layer 310. The plurality of bit lines 330 
includes a central bit line 331 and peripheral bit lines 332. Each one of the 
plurality of bit lines 330 is formed between adjacent diffusion regions 305. 
Each bit line 330 includes a bit line barrier metal 326, a WSi layer 327, a bit 
line mask 328, and bit line sidewall spacers 329. The bit line barrier metal 
326, the WSi layer 327, and the bit line mask 328 are sequentially stacked 
on the oxide layer 310. Preferably, the bit line barrier metal 326, the WSi 
layer 327, and the bit line mask layer 328 are formed using a low-pressure 
chemical vapor deposition (LPCVD) process. The plurality of bit lines 330 is 
formed using a lithography and etching process. The bit line sidewall 
spacers 329 are formed on sidewalls of the stack of the bit line barrier metal 
326, the WSi layer 327, and the bit line mask 328. 

[0052] Referring to FIG. 3B, a first ILD layer 320 is deposited on the oxide 

layer 310, the bit lines 330, the bit line sidewall spacers 329, and the pair of 



exposed diffusion regions 305. The first ILD layer 320 may be deposited 
using a CVD process. The first ILD layer 320 is then planarized using a 
CMP process. A photoresist pattern 340 is then formed over the first ILD 
layer 320. An open region 350 is aligned over the central bit line 331 and 
the pair of diffusion regions 305, each of which are between the central bit 
line 331 and one of the peripheral bit lines 332. 

[0053] Referring to FIG. 3C, using the photoresist pattern 340 as a mask, the 

first ILD layer 320 is etched to expose the pair of adjacent diffusion regions 
305 surrounding the central bit line 331, thereby forming a buried contact 
SAC area 350. The buried contact SAC area 350 defines the central bit line 
331 and peripheral bit lines 332. 

[0054] As a result of the etching process to form the buried contact SAC area 

350, a pair of first shoulders 345 and a pair of second shoulders 346 are 
formed on upper portions of the bit line sidewall spacers 329. The pair of 
first shoulders 345 is separately formed on the peripheral bit lines 332. The 
pair of second shoulders 346 is formed on the central bit line 331. Thus, 
each of the openings exposing one of the exposed diffusion regions 305 is 
surrounded by a pair of shoulders. More specifically, each of the openings 
exposing one of the exposed diffusion regions 305 has one of the first 
shoulders 345 and one of the second shoulders 346 adjacent to the opening. 
As a result of the etching that simultaneously exposes a pair of diffusion 
regions 305, the pair of first shoulders 345 and the pair of second shoulders 
346 have an asymmetrical shape. 



-17- 

[0055] Referring to FIG. 3D, the photoresist pattern 340 is removed using a 

photoresist stripping process and the first ILD layer 320 is planarized using a 
CMP process. To form a pair of buried contact pads 352, a pad layer is 
deposited on the pair of exposed diffusion regions 305 to fill the BC SAC 
area 350. The pad layer may be a polysilicon layer and may be deposited 
using a CVD process. The pad layer and the first ILD layer 320 are then 
planarized to expose the plurality of bit lines 330, thereby forming a pair of 
buried contact pads 352. The pad layer and the first ILD layer 320 may be 
planarized using a CMP process. 

[0056] After the planarization process, a height of each of the plurality of bit 

lines 330 is the same, however, a pair of shoulders 357 that surrounds each 
of the buried contact pads 352 has an asymmetrical shape. Preferably, the 
pair of buried contact pads 352 is formed of polysilicon, although a metal, 
such as tungsten (W), may also be used. 

[0057] Referring to FIG. 3E, a capacitor 360 is formed on each of the buried 

contact pads 352. Each capacitor includes a first plate 362, a capacitor 
insulator 364, and a second plate 367 and may be formed using a 
conventional process. 
Third Embodiment 

[0058] FIGS. 4A through 4F illustrate cross-sectional views, taken along line 

l-F of FIG. 1, for explaining stages in a method of forming a self-aligned 
buried contact pair according to a third embodiment of the present invention. 

[0059] Referring to FIG. 4 A, a substrate 400 includes a pair of diffusion 

regions 405, i.e., source/drain regions. The diffusion regions 405 may be 
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formed using an ion implantation process. A first interlayer dielectric (ILD) 
layer 410 is formed over the substrate 400 and the diffusion regions 405. 
The first ILD layer 410 may be formed using a CVD process. 
[0060] The first ILD layer 410 is patterned and etched and then a first pad 

layer is deposited over the first ILD layer 410 to form a pair of first buried 
contact pads 422 over the substrate 400 and the diffusion regions 405. 
Each one of the pair of first buried contact pads 422 is aligned with one of 
the diffusions regions 405. The first buried contact pads 422 and the first 
ILD layer 410 are then planarized using a CMP process or an etch-back 
process. 

[0061] Referring to FIG. 4B, a second ILD layer 420 is then formed, 

preferably using a CVD process, on the planarized first buried contact pads 
422 and first ILD layer 410. The second ILD layer 420 may be formed using 
a CVD process. A plurality of bit lines 430 is formed on the second ILD layer 
420. The plurality of bit lines 430 includes a central bit line 431 and 
peripheral bit lines 432. Each of the bit lines 430 includes a bit line barrier 
metal 426, a WSi layer 427, a bit line mask 428, and bit line sidewall spacers 
429. The bit line barrier metal 426, the WSi layer 427, and the bit line mask 
428 are sequentially stacked on the second ILD layer 420. The bit line 
sidewall spacers 429 are formed on sidewalls of the stack of the bit line 
barrier metal 426, the WSi layer 427, and the bit line mask 428. 

[0062] Referring to FIG. 4C, a third ILD layer 440 is then formed on the 

second ILD layer 420, the plurality of bit lines 430, and the bit line sidewall 
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spacers 429. The third ILD layer 440 may be formed using a CVD process. 
The third ILD layer 440 is then planarized using a CMP process. 

[0063] Referring to FIG. 4D, a photoresist pattern 450 is formed over the 

third ILD layer 440. Using the photoresist pattern 450 as a mask, the third 
ILD layer 440 and the second ILD layer 420 are sequentially etched to 
expose a pair of adjacent first buried contact pads 422 simultaneously, 
thereby forming a buried contact SAC area 450 aligned over a pair of 
adjacent first buried contact pads 422. The buried contact SAC area 450 
defines the central bit line 431 and peripheral bit lines 432. 

[0064] As a result of the etching process to form the buried contact SAC area 

450, a pair of first shoulders 445 and a pair of second shoulders 446 are 
formed on upper portions of the bit line sidewall spacers 429. The pair of 
first shoulders 445 is separately formed on the peripheral bit lines 432. The 
pair of second shoulders 446 is formed on the central bit line 431 . Thus, 
each of the openings exposing one of the first buried contact pads 422 is 
surrounded by a pair of shoulders. More specifically, each of the openings 
exposing one of the first buried contact pads 422 has one of the first 
shoulders 445 and one of the second shoulders 446 adjacent to the opening. 
As a result of the etching that simultaneously exposes a pair of first buried 
contact pads 422, the pair of first shoulders 445 and the pair of second 
shoulders 446 have an asymmetrical shape. 

[0065] Referring to FIG. 4E, the photoresist pattern 450 is removed using a 

photoresist stripping process. To form a pair of second buried contact pads 
452, a second pad layer is deposited on the pair of first buried contact pads 
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422 to fill the buried contact SAC area 450. The second pad layer may be 
deposited using a CVD process. The second pad layer and the third ILD 
layer 440 are then planarized using a CMP process to expose the plurality of 
bit lines 430, thereby forming a pair of second buried contact pads 452. After 
the planarization process, a height of each of the plurality of bit lines 430 is 
the same, however, a pair of shoulders 457 that surrounds each of the 
second buried contact pads 452 has an asymmetrical shape. Preferably, the 
pair of second buried contact pads 452 is formed of polysilicon, although a 
metal, such as tungsten (W), may also be used. 

[0066] Referring to FIG. 4F, a capacitor 460 is formed on each of the second 

buried contact pads 452. Each capacitor includes a first plate 462, a 
capacitor insulator 464, and a second plate 467 and may be formed using a 
conventional process. 

[0067] An advantage of etching to form a pair of buried contact pads 

simultaneously, as described above, is an improved buried contact aspect 
ratio, which lowers a buried contact resistance, as compared to a 
conventional process for exposing a single contact. A further advantage of 
the present invention is that the larger area of a pair of contacts, as 
compared to a single contact, permits the use of a less expensive KrF 
lithography process, as compared to an ArF lithography process. Yet 
another advantage of the present invention is that a misalign margin is 
improved between adjacent bit lines. 

[0068] Preferred embodiments of the present invention have been disclosed 

herein and, although specific terms are employed, they are used and are to 
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be interpreted in a generic and descriptive sense only and not for purpose of 
limitation. Accordingly, it will be understood by those of ordinary skill in the 
art that various changes in form and details may be made without departing 
from the spirit and scope of the present invention as set forth in the following 
claims. 



